c242 ment and is linked to increased hospitalization rate and mortality [5] [6] [7] [8] . In kidney transplant recipients, who generally have a better quality of life than dialysis patients, depressive symptoms are similarly high, with up to 22% suffering from moderate to severe depression after transplantation [9] . According to the United States Renal Data System, the cumulative incidence of depression (based on ICD-9 codes) was found to be 5.1, 7.3 and 9.1% one, two and three years after transplantation, respectively [10] .
Many complications of end-stage renal disease are present in individuals with milder degrees of kidney dysfunction, but the risk of depression has been less well studied. Hedyati et al. [11] found that depression was highly prevalent in advanced chronic kidney disease (CKD ; stage 4/5). In contrast, Odden et al. [12] found that mild kidney dysfunction was not associated with depressive symptoms in individuals with coronary artery disease. Whether kidney disease is associated with incident depression has also not been studied.
We assessed the association between kidney function and the prevalence and incidence of depression in the Health, Aging and Body Composition (Health ABC) study, a longitudinal study of initially well-functioning older individuals.
Methods

Subjects
Health ABC is a prospective study that enrolled 3,075 community-dwelling older adults aged 70-79 years living in Memphis, Tenn., USA, or Pittsburgh, Pa., USA, between 1997 and 1998. All of the black and a random sample of the white Medicare-eligible adults within designated zip code areas were contacted in order to generate a balanced cohort. Inclusion criteria for participation were: (1) no reported difficulty performing activities of daily living, walking a quarter of a mile or climbing 10 steps without resting or needing assistive devices; (2) absence of life-threatening illness, and (3) no plans to leave the area for 3 years. The study was IRB approved at the study sites and coordinating center. All participants gave informed consent. Individuals were evaluated yearly at clinic visits or by telephone interviews.
Depression Diagnosis
Prevalent depression was defined as actively treated depression by use of medications or self-report of current or past depression at year 1. Medication data was collected and available for years 1, 2, 3, 5 and 6. Presence of depressive symptoms was defined using the short version of the Center for Epidemiologic Depression Scale (CES-D10). A score 6 10 was defined as the presence of depressive symptoms. CES-D was administered at years 1, 3, 4, 5, 6 and 8.
For this analysis, the main outcome variable was incident treated depression among persons without prior depression history. New diagnoses of depression were detected at annual clinic visits by self-report or use of antidepressant drugs. The use of antidepressant drugs was considered present only when the reason for use was coded as depression or mood disorder. This was chosen as the primary outcome, as there is an overlap between symptoms of uremia and physical symptoms of depression. Secondary analyses defined incident depression as (1) self-report and current use of antidepressant medications or CES-D10 6 10 and (2) use of any antidepressant medication (without report of depression).
Kidney Function
Kidney function was defined using cystatin C and creatininebased estimated glomerular filtration rate (eGFR). Based on prior reports defining cystatin C and mortality and dementia [13] , participants were divided into 3 groups: (1) cystatin C ^ 1.0, (2) 1.0 ! cystatin C ^ 1.25 and (3) cystatin C 1 1.25. We also analyzed eGFR using serum creatinine and calculated using the 4-variable Modification of Diet in Renal Disease (MDRD) formula [14] . CKD was defined as an eGFR ! 60 ml/min/1.73 m 2 [14] .
Samples were drawn after an 8-hour fast and stored at -70 ° C until they were assayed at the study core laboratory (University of Vermont). Cystatin C was measured using a BNII nephelometer (Dade Behring Inc., Deerfield, Ill., USA) that utilized a particleenhanced immunonephelometric assay (N Latex Cystatin C) [15] . Creatinine was measured using the colorimetric technique on a Johnson & Johnson VITROS 950 Chemistry Analyzer (Johnson & Johnson, New Brunswick, N.J., USA) using the enzymatic method.
Covariates
Covariates were selected a priori as those that might confound the relationship between depression and kidney disease, and included: demographics (age, sex and self-reported race), level of education, whether the participant lived alone, whether a spouse or relative had died within the past year, diabetes mellitus (selfreport or use of a diabetes drug at year 1), and inflammatory markers [C-reactive protein (CRP), interleukin-6 (IL-6), tumor necrosis-␣ (TNF-␣ )]. Measures of IL-6 and TNF-␣ were performed using ELISA kits from R&D Systems (Minneapolis, Minn., USA). CRP was measured using ELISA (Calbiochem, San Diego, Calif., USA). Detectable limits were 0.10 pg/ml for IL-6, 0.18 pg/ml for TNF-␣ and 0.007 mg/l for CRP. Inflammatory markers were log transformed because of skewness.
Statistical Analysis
Baseline characteristics were compared across cystatin C groups and tested for significant differences using the one-way ANOVA test for trend (for continuous variables) or the 2 with Armitage test for trend (for categorical variables). Similar analyses were performed for the incident depression status. Prevalent depression was analyzed using logistic regression. Incident depression was analyzed using Cox-proportional hazard models to assess the unadjusted and adjusted hazard ratios (HR) for each cystatin C group (reference cystatin C ^ 1). Since incident depression was only assessed as discrete time points, a discrete model was also run and the results were the same. We repeated these models using MDRD-defined CKD. Proportionality was assessed statistically by testing for a time interaction. To assess whether cardiovascular disease affected the results, we ran an additional model with prevalent cardiovascular disease (stroke or coronary heart disease based on self-report, medication use or a health care 
Results
Participant characteristics at baseline are summarized in table 1 . Baseline serum cystatin C measures were missing for 31 individuals (1%), who were excluded from further analysis. Of the 3,044 participants, 1,586 (52%) had low ( ^ 1.0), 1,012 (33%) had intermediate ( 1 1-1.25) and 446 (15%) had high cystatin C levels ( 1 1.25). The overall mean cystatin C level was 1.05 8 0.34 mg/l. Participants with higher serum cystatin C levels were more likely to be white, male and diabetic and to have older age and higher creatinine, IL-6, TNF-␣ and CRP levels. Loss of a spouse, postsecondary education and the mean number of household contacts did not differ among the cystatin C groups.
There were 299 participants with prevalent depression at year 1. Prevalent depression did not differ across cystatin C groups (10.5 vs. 9.9 vs. 10.5%, p = 0.88 for low, intermediate and high cystatin C, respectively). Multivariable adjustment did not affect these results [odds ratio Ninety-five out of 2,731 participants without prevalent depression developed incident depression during the study follow-up. These individuals were more likely to be white, female and to have a higher mean serum cystatin C level (1.13 8 0.57 vs. 1.04 8 34 mg/l, p = 0.025). Creatinine and eGFR were not significantly different. In the unadjusted Cox proportional hazard models, the intermediate and high cystatin C groups were associated with incident depression (HR = 1.89 for intermediate and HR = 2.17 for the high cystatin C group). CKD was not related to incident treated depression ( table 2 ). After adjustment for age, sex, race, absence of household contacts, inflammatory biomarkers and diabetes, intermediate (HR = 1.84) and high serum cystatin C (HR = 2.1) remained associated with incident depression. There was no interaction between cystatin C groups and race or gender. CKD was not associated with incident depression in adjusted analyses.
We performed a number of sensitivity analyses. In contrast to treated depression, when depression was de- fined as a depressed mood alone or a depressed mood plus treatment with medication, cystatin C was not associated with incident depression ( table 3 ) . To assess whether differential coding for depression accounted for the results, we also evaluated the use of antidepressants for any reason. Using this definition for depression, the intermediate and high cystatin C levels remained associated with incident depression after adjusting for age, sex, race, living alone status, inflammatory biomarkers and diabetes. To assess whether grieving masked a difference in incident depressed mood, we excluded all individuals who reported loss of a spouse or loss of a relative in the preceding year. In this model, there was no association between cystatin C and an incident depressed mood, defined as a CES-D10 score 6 10, as the intermediate and high cystatin C groups had HR = 0.75 (CI 0.53-1.06) and HR = 0.8 (CI 0.49-1.3), respectively, with an overall p = 0.24. The addition of cardiovascular disease (prevalent and incident) did not appreciably change the results [HR for intermediate is 1.73 (CI 1.05-2.85) and high is 2.01 (CI 1.03-3.91)] regarding cystatin C levels.
Discussion
We found that, among community-resident elder adults, those with higher cystatin C levels had an increased likelihood of developing depression that was recognized and treated with antidepressant medication during the study follow-up although there was no association with prevalent depression. The participants in the higher cystatin C groups were twice as likely to be diagnosed with depression as the participants in the low cystatin C group. Cystatin C categories were not associated with the development of a depressed mood during follow-up as defined by a CES 6 10. CKD, defined as a creatinine- The lack of association of kidney function with depressive symptoms is consistent with Odden et al. [12] , who evaluated individuals with coronary artery disease in a cross-sectional analysis. They found that the prevalence of depressive symptoms did not differ between individuals with and without kidney disease (17 vs. 19%, p = 0.4).
We found a discrepancy between incident depression defined by treatment and incident depressive symptoms. Self-reported depressive symptoms in later life are common, and their presence carries a more than 5-fold higher risk for developing major depression at year 1 [16] . Approximately one quarter of the individuals in our study had CES-D10 scores over 10 during the follow-up, but less than 2% of participants were diagnosed and treated for depression. Kidney function was not associated with incident depressive symptoms. One possible explanation is that individuals with higher cystatin C are sicker and had more contacts with medical personnel, which increased the likelihood that depression would be detected and treated. Individuals who had a depressed mood by positive CES-D10 scores but lower cystatin C levels may not have sought medical attention and therefore would not have been treated for depression, even if they had the disease. It is also possible that individuals with an elevated cystatin C had a severer depression that was recognized and treated.
A discrepancy between cystatin C and creatininebased measures of kidney function with outcomes has been found previously, especially in older individuals [17, 18] . Cystatin C has been shown to linearly associate with mortality and cardiovascular disease. In contrast, serum creatinine often shows a threshold effect or a U-shaped relationship [19] . Serum creatinine is generated in muscle, and levels of creatinine vary with both kidney function and muscle mass. In older individuals, especially individuals with weight loss due to illness or other processes, creatinine can be a poor marker of kidney function. The MDRD formula adjusts for age in order to account for age-related decline in muscle mass. However, the change is an average and does not account for the variability in loss of lean mass with disease. Cystatin C is less affected by muscle mass and may be a better marker of kidney function in older individuals. This could account for the discrepancy. Alternatively, cystatin C may be directly associated with depression in the elderly through direct effects on the brain. Cystatin C colocalizes with ␤ -amyloid in the brains of patients with Alzheimer's disease [20] . Late-life depression is a risk factor for the development of Alzheimer's disease [21] and, in a prior analysis, we found that cystatin C was associated with cognitive decline [13] . We cannot rule out that the stronger relationship of cystatin C with depression relates to nonkidney determinants. The results persist after controlling for inflammation, diabetes and cardiovascular disease, but there may be other determinants of cystatin C that explain the results.
The main strengths of our study include the large sample size, community-dwelling well-functioning individuals and long longitudinal follow-up with regular assessments of depression. The study also had limitations. As a community-based study, most patients have moderate kidney disease (stage 3 CKD) and fewer individuals have advanced kidney disease. Only 95 participants developed new depression during the study follow-up, limiting power. Depression was not diagnosed by the 'gold standard' psychiatric interview. Kidney function was only assessed once; while this is common in epidemiologic studies, CKD is defined based on a persistent decline in kidney function. It is possible that individuals were misclassified as having kidney dysfunction. We also could not assess whether depression was more common in individuals whose kidney disease worsened over the course of the study.
Our findings have important clinical implications. The prevalence of kidney dysfunction in the elderly is rising, and requires complex medical care, diet, and lifestyle modifications. Depression, on the other hand, can lead to nonadherence to treatment, increased healthcare costs and worse quality of life. Thus, it is clinically important for healthcare providers to screen for, diagnose and treat depression in this population.
